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" Iatrogenic right ventricular pre-excitation failed to abolish right bundle-branch block in two
patients. When  exclusive’ His bundle pacing was performed, the QRS complexes, St-V, and
St-LVE intervals were similar to the ventricular deflections, H-V, and V-LVE (intervals)
recorded during sinus rhythm. ¢ Exclusive’ pacing of the ordinary muscle at the right ventricular
inflow tract produced a complete left bundle-branch block pattern without abnormal left axis
deviation. Pacing of both His bundle and ordinary muscle yielded combination complexes in which

 the right bundle-branch block pattern persisted.

The ventricular activation process was studied in these beats, as well as during the right and
left bundle-branch block induced by coupled atrial stimulation. It appeared as if certain areas of
the right septal surface behaved, electrophysiologically, as if they belonged to the left ventricle.
Impulses emerging from these sites were not propagated to the right ventricular free wall. The
latter was activated by the excitation front emerging through the left bundle system. During right
bundle-branch block the endocardium of the right ventricular inflow was activated before the
peak of the R in V. Bipolar leads, 1 mm apart (with the possible exception of the ones over the

tricuspid valve), were helpful in mapping the spread of activation in the human heart.

There are conflicting views on whether right
bundle-branch block can coexist with right
ventricular pre-excitation (Wolff-Parkinson-
White type B). The experimental work of
Gamboa et al. (1962) seemed to indicate that
.this association could not occur. However,
other authors have reported it (Cabrera,
Feldman, and Olinto, 1959; Robertson et al.,
1963 ; Zakopoulos, Tsatas, and Liokis, 1964).
In view of these discrepancies it appeared of
interest to present the information obtained
from two patients with right bundle-branch
_block in which right ventricular pre-excitation
was induced by electrical stimulation, while
intracardiac and His bundle electrograms were
recorded.

Material and methods

Technique of His bundle recordings The
technique of His bundle recordings used in our
department has been described in previous com-
munications (Castellanos et al., 19702 ; Castellanos,
Castillo and, Myerburg, 1971).

After obtaining consent, a tripolar catheter
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electrode! was introduced percutaneously through
the femoral vein, and positioned across the septal
leaflet of the tricuspid valve under fluoroscopic
control to obtain a His bundle electrogram. This
electrode catheter had three poles, two separated
by a 1 mm distance (His bundle electrogram,)
and the third pole 11 mm from the first (His
bundle electrogram,;). Two additional bipolar
electrode catheters with 1 mm interelectrode dis-
tances! were introduced percutaneously through
an antecubital vein. One of them was placed in
the high right atrium (bipolar atrial electrogram).
The other catheter was introduced into the great
cardiac vein through the coronary sinus (bipolar
coronary sinus electrogram), from where it re-
corded a local left ventricular electrogram at the
postero-superior portions of the corresponding
ventricle. The electrode leads were fed into a dis-
tribution switch-box capable of obtaining any
desired combination. The outputs of the distribu-
tion switch-box were connected to the input of
conventional electrocardiographic amplifiers and
the signals filtered below 40 Hz and above 500 Hz.
A fourth bipolar catheter electrode with the same
interelectrode distance was also introduced in the
same fashion for intracardiac pacing. Recording
of the three standard peripheral leads and a V1

1 Elecath Corporation, New Jersey.
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praecordial lead was carried out simultaneously
with the intracavitary electrograms of the corre-
sponding sites, using an oscillographic multi-
channel recorder! at paper speeds of 50 or 100
mmy/sec.

Measurements performed The following in-
tervals were measured and the results expressed
in msec: (a) PR: as in conventional electrocardio-
graphy; (b) HRA-LRA: from the beginning of
the P wave in the surface electrocardiogram, or in
the bipolar atrial electrogram lead, to the local
atrial electrogram in the His bundle electrogram
lead; (¢) LRA-H: from the local atrial electro-
cardiogram in the His bundle electrogram lead to
the H deflection in the same lead; (d) H-V: from
the H deflection to the onset of ventricular de-
polarization, in whichever lead it occurred first;
(e) St-V (during His bundle pacing): from the
emission of the spike to the onset of ventricular
depolarization; (f) H-LVE: from the H deflection
to the local ventricular electrogram in the coronary
sinus bipolar lead (CSBE) lead ;(g) St-LVE (during
His bundle pacing): from the spike to the local
ventricular electrogram in the CSBE lead; (h)
V-LVE': from the beginning of the QRS complex
to the local ventricular electrogram in the CSBE
lead.

During right ventricular endocardial pacing the
emission of the spike was considered as the begin-
ning of the QRS complex.

Technique for His bundle pacing To per-
form His bundle pacing the terminals (correspon-
ding to the 11 mm apart bipolar leads) of the
catheter recording the His bundle electrogram
were connected to an external pacemaker. The
latter delivered slightly underdamped impulses of
2-5 msec duration. The intensity used was twice
that of one required for right ventricular apical
pacing. His bundle deflections were not observed
during this procedure since they were obscured
by the stimulus artefact. Therefore, the following
criteria had to be used for the diagnosis of ‘ex-
clusive’ His bundle pacing: (a) St-V and St-LVE
intervals similar to the H-V and H-LVE intervals
recorded during sinus rhythm, and (b) QRS com-
plexes identical to the one induced by the sinus
P waves (Narula, Scherlag, and Samet, 1970;
Puech ez al., 1970; Coumel et al., 1970). In all
cases in which His bundle pacing was attempted
there were periods of time during which the
stimulus activated ‘exclusively’ the ordinary
myocardium of the right ventricular inflow tract.
On other occasions the latter was paced simul-
taneously with the His bundle, resulting in a
QRS complex of intermediate contour. This vari-
able response to stimulation of the His bundle
area was also observed by Puech ez al. (1970) and
Coumel ez al. (1970).

Case reports

Two patients with right bundle-branch block
were studied. In addition, one had left anterior
hemiblock and the other left posterior hemiblock
(Rosenbaum, Elizari, and Lazzari, 1968).

1 Electronics for Medicine.
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F1G. I (Case 1) Complete right bundle-
branch block and abnormal left axis deviation
due to left anterior hemiblock.

FIG. 2 (Case 1) Sinus rhythm (left). His
bundle pacing (centre), and right ventricular
apical pacing (right). BAE: bipolar atrial
electrogram recording the electrical activity of
the high right atrium (HRA); HBE: His
bundle electrogram recording the electrical
activity of the low right atrium (LRA), His
bundle (H), and ordinary muscle of the right
ventricular inflow tract; BCSE: bipolar
coronary sinus lead recording the electrogram
of the posterosuperior left ventricular wall
(LVE); St: pacemaker stimulus artefact. All
intervals are defined in the text. Paper speed
was 100 mm)/sec.
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Case 1 This 63-year-old patient was referred to
the Cardiopulmonary Laboratory for the insertion
of a temporary pacemaker. He had suffered several
syncopal attacks in the week before admission.
Intracardiac recordings and His bundle electro-
grams were obtained to evaluate the nature of the
conduction disturbances.

The control electrocardiogram showed right
bundle-branch block and abnormal left axis devia-
tion due to left anterior hemiblocks (Fig. 1). The
PR interval measured 150 msec. The duration of
the most significant intervals in this patient during
sinus rhythm was as follows: (Fig. 2, left panel):
(a) PR: 150 msec, (b) HRA-LRA: 40 msec,
LRA-H: 60 msec, H-V: so msec, H-LVE: 95
msec, and QRS complexes: 150 msec. The
V-LVE interval measured 45 msec, hence the
posterosuperior regions of the left ventricle were
activated 45 msec after the beginning of the QRS
complex. The presence of a normal q wave in
leads I, aVL, and V6 indicated that ventricular
depolarization started in the left ventricle.

During His bundle pacing (Fig. 2, middle
panel) the St-V and St-LVE intervals, as well as
the QRS complexes, had a duration similar to
the H-V and H-LVE intervals observed during
sinus rhythm. In addition, the duration of the St-
HRA interval and the LRA-HRA interval re-
corded in beats with retrograde (V-A) conduction
was the same (right sided panel in Fig. 2). This
finding suggested that, during His bundle pacing,
the low right atrium was also stimulated ‘directly’
(Coumel et al., 1970). In other words, the retro-
grade P wave did not result from a stimulus propa-
gating backwards from the His bundle through
the AV node, for otherwise the St-HRA interval
would have measured 100 msec, the value repre-
senting the addition of 60 msec (H-LRA interval)
and 40 msec (LRA-HRA interval).

The right-sided panel in Fig. 2 was recorded
during right ventricular apical pacing. The result-
ing QRS complex showed a complete left bundle-
branch block pattern with abnormal left axis
deviation. There was a 120 msec interval between
the delivery of the stimulus to the right ventricu-
lar apical endocardium and the moment in which
the posterosuperior site exploring the bipolar
coronary sinus lead was activated.

The first beat in Fig. 3 was of sinus origin. The
second QRS complex resulted from ‘exclusive’
activation of the ordinary myocardium at the
right ventricular inflow tract. It showed a com-
plete left bundle-branch block pattern with a nor-
mal AQRS and no evidence whatsoever of right
bundle-branch block. The St-LVE interval mea-
sured 130 msec because of delayed activation of
the left ventricle. In contrast, the last beat was
intermediate in contour between the previous
ones. Though its QRS duration was slightly
shorter, the direction and morphology of the
initial 70 msec vectors was similar to that of beats
produced by ‘exclusive’ myocardial pacing. Yet,
the presence of a QR pattern in V1 indicated that
iatrogenic right ventricular pre-excitation had
not completely abolished the right bundle-branch
block. The posterosuperior region of the left ven-

SINUS

1 ——W"‘/p—aik-——

St St

11 .....W./NA

\/1 "N\—/\A . /\—r“/\’__

BAE = o
LVE LVE LVE
| St ‘ St §
BCSE —f ~4 e A

H-LVE: 95 St-LVE =130 St-LVE: 95
QRS =150 QRS =160 QRS =140

FIG. 3 (Case 1) Sinus rhythm (left) exclu-
sive pacing of the ordinary muscle of the right
ventricular inflow tract (centre), and simul-
taneous stimulation of the latter and His
bundle (right). Paper speed was 50 mm/sec.

tricle was activated 95 msec after the emission of
the spike. This value was similar to the H-LVE
interval recorded during sinus rhythm, suggesting
that the left ventricle was depolarized by the im-

FIG. 4 (Case 2) Electrocardiogram obtained
in 1963 interpreted as simultaneous coexisting
Wolff-Parkinson-White type A and right
bundle-branch block.
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pulse propagating from the His bundle and
emerging through the divisions of the left
branch.

Case 2 This 34-year-old man had a long history
of paroxysmal rapid heart action and dizzy spells.
Electrocardiograms recorded in 1963 (Fig. 4) had
been interpreted as suggestive of Wolff-Parkinson-
White type A associated with right bundle-
branch block (Castellanos, Mayer, and Lemberg,
1962). The PR interval and QRS complexes
measured 130 and 150 msec, respectively. After
temporary abolishment of the pre-excitation pat-
tern by carotid sinus massage, the right bundle-
branch block appeared to be associated with left
posterior hemiblock (last three beats in the long
strips of leads I and II in Fig. 4).

Tracings obtained in 1970 (Fig. 5) did not
show pre-excitation. The right bundle-branch
block pattern with right axis deviation due to left
posterior hemiblock was permanent. Though this
patient had a history of asthma, haemodynamic
studies in the present admission showed normal
right ventricular and pulmonary artery pressures.
His bundle electrograms recorded during sinus
rhythm, atrial pacing at progressively higher rates,
and coupled or paired atrial pacing failed to dis-
close any evidence of pre-excitation (Castillo and
Castellanos, 1970).

In this patient, exclusive His bundle pacing
(Fig. 6, right) produced QRS complexes of identi-
cal morphology and duration to those of sinus
beats (Fig. 6, left). In addition, the St-V and the
H-V intervals had similar values. The second
QRS complex in Fig. 7 was produced by ‘exclu-
sive’ pacing of the ordinary muscle at the right
ventricular inflow tract. It showed a complete left
bundle-branch block pattern without abnormal
left axis deviation. The third beat in Fig. 7 and
the second QRS complex in Fig. 6 had an inter-
mediate contour since they resulted from stimula-
tion of both His bundle and ordinary muscle. The
early part of depolarization (initial 70 msec) in
these beats had a similar orientation as in exclusive
muscle pacing, indicating that the right ventricu-
lar muscle was activated before the left. In spite
of the iatrogenic right ventricular pre-excitation,
the right bundle-branch block pattern persisted.

Discussion

Transvenous right ventricular inflow tract
pacing, combined with other intracardiac
recordings, was of help in understanding the
mechanisms of ventricular activation. Fil-
tered bipolar electrograms from the coronary
sinus and great vein were obtained with elec-
trodes 1 mm apart. In a previous communica-
tion, %t was shown that this catheter could
explore portions of the low left atrium as well
as of the posterosuperior wall of the left
ventricle (Castellanos, Castillo, and Myer-
burg, 1971). The onset of the corresponding
rapid ventricular deflections was believed to

V2

V1

FIG. § (Case 2) Electrocardiogram recorded
in 1970 showing right bundle-branch block
with right axis deviation due to left posterior
hemiblock.

indicate the moment at which the muscle
close to the electrodes was activated. These
assumptions were corroborated in this report.
The explored left ventricular site was acti-
vated early when sinus rhythm was present
(Fig. 2, left), and late during right ventricular
apical and inflow tract pacing (Fig. 2 right,
and Fig. 3). In both patients right ventricular
inflow tract stimulation resulted in: (a) ‘ex-

FIG. 6 (Case 2) Sinus rhythm (left), exclu-
sive His bundle pacing (right), and combined
His bundle and ordinary muscle pacing (centre).
Paper speed was 100 mm/sec.
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FI1G. 7 (Case 2) Sinus rhythm (left), exclu-
stve right ventricular inflow tract ordinary
muscle pacing (centre), and combined stimu-
lation of the ordinary muscle and His bundle
(right). Exclusive His bundle pacing was also
shown in Fig. 6 (right). In this Fig. paper
speed was 50 mm/sec.

:

¢

clusive’ ordinary muscle pacing, (b) ‘exclu-
sive’ His bundle pacing, and (c) simultaneous
ordinary muscle and His bundle activation.

When sinus rhythm and right bundle-
branch block were present, the late R in VI
was produced by the left ventricular impulse.
It can therefore be assumed that persistence
of the R wave in the combination complexes
shown in Fig. 3 and 7 indicated that the left
ventricular impulse was still able to depolarize
some parts of the right ventricle, even when
other portions of the same ventricle had been
pre-excited by the electrical stimulus. These
beats were the iatrogenic counterpart of
naturally occurring right bundle-branch block
and right ventricular pre-excitation.

Gersony and Ekery (1969) explained this
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phenomenon by considering that the right
bundle-branch block could be ‘central’ or
‘peripheral’, and related the latter to the
earliest sites of pre-excitation. These authors
believed that if right ventricular pre-excitation
occurred proximally to the right bundle-
branch block, activation of the post-block
areas of the right ventricle had to occur late,
since this process was then a function of the
impulse originating in the left ventricle. On
the other hand, the right bundle-branch mor-
phology should disappear if pre-excitation
involved the areas distal to the block. In our
artificial model, pre-excitation was located
proximal to the blocked site.

To speculate on the mechanisms of right
bundle-branch block coexisting with right
ventricular pre-excitation, it is important to
understand the electrogenesis of right bundle-
branch block in man. A great number of con-
clusions dealing with the mechanisms of this
conduction defect have been derived by extra-
polating from animal experiments (Boineau
and Moore, 1970). For instance, a diagram-
matic representation of the ventricular activa-
tion process in right bundle-branch block in
three textbooks by Sodi Pallares and co-
workers seems to imply that the high right
septal surface and the free right ventricular
wall are depolarized at more or less the same
time (Sodi Pallares and Calder, 1956; Sodi
Pallares, Bisteni, and Medrano, 1964; Sodi
Pallares et al., 1970). These findings contrast
with those of Erickson, Scher, and Becker
(1957) and Walston et al. (1968) who observed
that the endocardium of the outflow tract was
activated before the free right ventricular wall.
In the human heart using unipolar (intraventri-
cular) recordings, Latour and Puech (1957)
noted that activation after right ventricular out-
flow tract occurred before the peak of the R
wave in V1. We have studied the sequence of

TABLE Intervals (in msec) between the beginning of depolarization and the onset of the

corresponding local ventricular electrograms*

Apex of Right Electrogram of Electrogram of
right ventricular  right ventricular posterosuperior wall
ventricle outflow tract inflow tract deter-  of left ventricle
mined from His determined from the
bundle electrogram  bipolar coronary
sinus lead
Sinus 15 50 30 60
Complete left bundle-branch block o 35 45 125
Complete right bundle-branch block 50 80 30 60
Right ventricular apical pacing} o — 50 120

* Data obtained from Fig. 8.
+ Data obtained from Fig. 2 (right panel).
—Not measured.
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ventricular activation during sinus rhythm and
bundle-branch block induced by coupled atrial
pacing using 1 mm apart bipolar leads. A re-
presentative example is shown in Fig. 8 in
which the first and third beats were of sinus
origin. Coupled atrial pacing at short intervals
produced atrial extrasystoles with functional
block of the left branch (second beat) and of
the right branch (fourth beat).

Pertinent data are shown in the Table. In
the presence of normal intraventricular con-
duction, activation reached the right ventricu-
lar apex (vertical arrow labelled 1, superim-
posed to the r in V1) 15 msec after the onset
of depolarization. The right ventricular out-
flow tract was activated 35 msec later (vertical
arrow labelled 2), that is, 50 msec after the
beginning of the QRS complex.

The right ventricular apex was the first
area to be depolarized when complete left
bundle-branch block was present. The out-
flow tract was activated 35 msec later. During
complete right bundle-branch block both the
right ventricular apex and the right ventricu-
lar outflow tract, were depolarized with con-
siderable delay. Activation of the right ven-
tricular outflow tract occurred slightly ahead
of the peak of the R! in V1, around 60 msec
before the end of the QRS complex.

These findings suggest that during normal
intraventricular conduction and in complete
left bundle-branch block, depolarization of
the right ventricular endocardium was a func-
tion of the right branch, not of the left branch.
The right ventricular apex to right ventricular
outflow tract conduction times were the same
in both instances. On the contrary, during
complete right bundle-branch block these
sites were depolarized with delay by the
impulse coming from the left ventricle.
Moreover, it appeared as if the free wall of
the right ventricle was activated later than the
right ventricular outflow tract. There was no
delay in activation of the posterosuperior wall
of the left ventricle in sinus beats and in those
with complete right bundle-branch block,
but this area was depolarized very late when
complete left bundle-branch block was
present.

It has to be emphasized that the results
obtained with endocardial catheters (even
when the leads are 1 mm apart) have to be
interpreted with caution (Castellanos ez al.,
1971). In certain cases, or when the procedure
is prolonged, there can be considerable cathe-
ter movements within the ventricles. In addi-
tion, the potentials recorded by these leads
(1 mm apart) are not as ‘local’ as the ones
obtained with those specially designed for
experimental studies (0'I or 02 mm apart).

SINUS cLBBB SINUS CRBBB

3 3 x 3

OTRV

FIG. 8 (Case 3) Ventricular activation pro-
cess during sinus rhythm and during bundle-
branch block induced by coupled atrial pacing.
Abbreviations are as follows: UOTRV :
unipolar lead from the right ventricular outflow
tract; ARV : close bipolar lead from the right
ventricular apex; OTRV : close bipolar lead
from the right ventricular apex; LA: local
left atrial electrogram; LV : electrogram from
the posterosuperior wall of the left ventricle.
The numbers 1, 2, and 3 indicate the moment
in which the ARV, OTRV, and LVE
electrogram were inscribed on leads I and V1.
Paper speed was 100 mm/sec.

If the results presented in this communica-
tion are valid, some speculations can be made
regarding the mechanisms of spontaneous and
iatrogenic right ventricular pre-excitation
with right bundle-branch block. In both cases
it appears as if the activation front emerging
from the ordinary muscle of the right ven-
tricular inflow tract does not proceed towards
the free right ventricular wall, but is propa-
gated at a slow speed through a portion of the
septum in an anterior and leftward direction.
This localized delay in activation is of such
a degree that it gives enough time to the im-
pulse emerging through the left bundle sys-
tem to depolarize parts of the left ventricle,
traverse certain areas of the septum, finally
reaching the free right ventricular wall very
late. A possible explanation for this para-
doxical phenomenon can be found in Sodi
Pallares’ concepts dealing with the structure of
the interventricular septum (Sodi Pallares and
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Calder, 1956). According to these authors,
some parts of the septal muscle at the right
ventricular inflow tract correspond, anatomic-
ally, to the left ventricle. This structural pro-
cess has electrophysiological consequences.
Sodi Pallares and Calder (1956) showed that
in these sites there was no delay in the arrival
of activation after right bundle-branch block.

We do not want to draw definite conclu-
sions regarding the ventricular electrogram
in the His bundle electrogram lead because of
catheter movements produced by the tricuspid
leaflets. Yet, in Fig. 8 it seemed that there
was no delay in the onset of the rapid deflec-
tions in this lead after right bundle-branch
block (compared with beats with normal con-
duction). If these assumptions are correct,
they can explain why activation from this
(anatomically left ventricular area) could be
delayed in its journey towards the free right
ventricular wall. However, more studies in
the human heart are required to corroborate
them.
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